Abstract-The study investigates the impact of cloud attenuation at C, Ku, Ka, and V-bands in West Africa. Cloud attenuation statistics deducted from extracted data obtained from ITU-R study group data bank for the seventeen countries in the region, were used to determine the average satellite link margin for the region. Analysis of their cloud attenuation contour maps shows the average cloud attenuation for uplink and downlink: at the c-band are 0.17 dB and 0.095 dB; at Kuband are 0.875 dB and 0.665 dB; at Ka-band 3.75 dB and 1.775 dB; and at V-band are 9.25 dB and 6.6 dB respectively in the tropical wet/dry climatic part of the region, while those for the tropical wet and tropical semi-arid climatic parts of the region are relatively higher and substantially lower respectively. Hence a margin of 1.8 dB and 3.8 dB; 6.3 dB and 9 dB for cloud attenuation in the uplink and downlink at Ka and Vband respectively are recommended.
I. Introduction
The effects of cloud constituents -suspended water droplets (SWD) and suspended ice crystals (SIC) are consistent and dynamic problem [1] in the satellite communication industry that continually increase frequencies of operation in response to market bandwidth demand, while the increases in transmission frequency are phenomenally accompanied by directly proportional hydrometeors attenuation [2] . Generally, cloud attenuation reduction of the amplitude of a propagating signal with respect to distance travelled along its transmission path is due to relaxation losses in the molecules of the SWD [3] . Signal transmission loss occur when propagating signal's energy is absorbed at high frequencies due to rotational and vibrational transitions in atmospheric polar molecules such as multitudes of tiny water droplets in clouds [4] . Previous research works have established that transmission frequencies above 3GHz have associated increase in signal propagation impairment in the troposphere [2] . Electromagnetic signals parameters include the signal amplitude, frequency, phase, bandwidth and polarization [2] ; while the cloud properties affecting radio propagation also include cloud liquid water and cloud type's frequency of occurrence [5] .
Previous work [6] shows that the probability of cloud occurrence in West Africa in an average year is about 70%. Cloud models have been independently developed over the last eight decades based on Rayleigh scattering and Mie absorption theories, using empirical data and assumptions that cloud cover horizontally and vertically are uniform, and that clouds are non-precipitating aggregates of suspended spherical water droplets having radii ≪ 50µm [7] . As the cloud water droplets diameter grows larger than 200µm they transform to drizzle and rain. For satellite transmission frequencies below Ka band, rain is the most significant attenuator and accompanying link margins have been quite high. However at Ka band and above, satellite signals are susceptible to hydrometeor induced fading, particularly the non-rainy category of which cloud is most prominent, for paths at low elevation angles and low-fade margin systems as VSAT [8] . Broadband internet access through satellites for economic and social services as automatic teller machines (ATM), point of sale terminals (POS) and hand phones has invaluable social values, hence need improvement of its availability in every locality.
II. Data Source
Input data were extracted from study group 3 data bank and processed based on ITU-R P.840-7 Recommendations [9] a n d t h e r e s u l t s are shown in Tables 1 and 2 , for 0.01 % unavailability for both uplink and downlink at Cband (6/4), Ku-band (14/12), Ka-band (30/20) and V-band (50/40) GHz frequencies respectively. Cloud attenuation statistics deducted from extracted data obtained f r o m I T U -R s t u d y group data bank for the seventeen countries in the region, were used to determine the average satellite link margin for the region. 
III. Result and Discussion
Analysis of their cloud attenuation contour maps shows the average cloud attenuation for uplink and downlink: at the c-band are 0.17 dB and 0.095 dB; at Ku-band are 0.875 dB and 0.665 dB; at Ka-band 3.75 dB and 1.775 dB; and at V-band are 9.25 dB and 6.6 dB respectively in the tropical wet/dry climatic part of the region, while those for the tropical wet and tropical semi-arid climatic parts of the region are relatively slightly higher and substantially lower respectively.
Similarly, the attenuation statistics indicate that Mauritania with uplink and down link 0.024 dB and 0.011 dB, 0.130 dB and 0.096 dB, 1.379 dB and 0.943 dB has least cloud attenuation in the C, Ku and V-bands respectively, in same range with Mali, Cape Verde, Niger and Saint Helena; while Ghana with uplink and down link 0.105 dB and 0.047 dB, 0.565 dB and 0.417 dB, 6.012 dB and 4.112 dB has highest cloud attenuation in the C, Ku and V-bands respectively in the same range with Togo, Ivory Coast and Benin; Nigeria with uplink and down link 0.085 dB and 0.038 dB, 0.454 dB and 0.335 dB, 4.832 dB and 3.305 dB has above regional average cloud attenuation values along with Liberia, Burkina Faso, Guinea, Gambia, Senegal, and Sierra Leone.
IV. Conclusion
Considering Ka and V-bands the countries in the tropical wet and wet/dry climates as Ghana, Togo, Ivory Coast, Benin, Nigeria, Liberia, Burkina Faso, Guinea, Gambia, Senegal, Sierra Leone have high cloud attenuation; while the countries of the tropical semi -arid climate as Mauritania, Mali, Cape Verde and Niger have much lower cloud attenuation. Also, the results revealed that 0.01 % unavailability is conceivable at C and Ku bands on both uplink and downlink at all stations in West Africa due to low signal fade; however, at Ka and V bands along the earth-space path cloud attenuation were estimated to have major effect at 0.01 % unavailability of an average year on both uplink and down link. Hence a margin of 1.8 dB and 3.8 dB; 6.3 and 9dB for cloud attenuation in the uplink and downlink at Ka and V-band respectively are recommended.
